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(57)  Alinear furnace body of a heat treating furnace
(1) houses inits inside a preheating chamber (3), a heat
treating chamber (4) and a soaking chamber (5) with
partitioning doors (1 and 2) arranged between them, re-
spectively. Series of independently-driven hearth rollers
(6, 7 and 8) are arranged in the chambers, respectively.

METHOD AND FURNACE FOR HEAT TREATMENT

Upon preheating and soaking of a work W, the series of
hearth rollers (6 and 8) in the preheating chamber (3)
and the soaking chamber (5) are rotated forward and
backward to vibrate the work W. Upon heating of the
work W, the series of hearth rollers (7) in the heat treat-
ing chamber (4) is stopped.
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Description
Technical Field

[0001] The presentinvention relates to a method and
furnace for heat treatment of a metal. More specifically,
it relates to a method and a furnace for heat treatment
using hearth rollers.

Background Art

[0002] Conventional heat treating furnaces using an
in-furnace rail have a configuration shown in Fig. 5. Fig.
5 illustrates a charging platform 10, a heat treating
chamber 11, an oil tank 12, an exit conveyer 13, and a
work W (e.g., Japanese Patent No. 3103905).

[0003] Batch furnaces using the in-furnace rail when
used in, for example, carburization require a much time
for temperature rise, temperature fall and soaking and
have insufficient production efficiency and thermal effi-
ciency, since carburization (at 930°C to 1050°C) and
temperature-fall-soaking (at 830°C to 850°C) are re-
peated in the same chamber. In addition, crossties of
the in-furnace rail are bricks which are brittle and accu-
mulate alarge quantity of heat, and thereby the furnaces
require a long seasoning time.

[0004] Certain batch furnaces using hearth rollers
have, for example, the configuration shown in Fig. 6, in
which the same components as in Fig. 5 have the same
reference numerals. Fig. 6 illustrates a series of hearth
rollers 14 (e.g., Japanese Unexamined Patent Applica-
tion Publication No. 63-33552).

[0005] The batchfurnaces using hearth rollers require
a much time for temperature rise, temperature fall and
soaking and have insufficient production efficiency and
thermal efficiency, since carburization (at 930°C to
1050°C) and temperature-fall-soaking (at 830°C to
850°C) are repeated in the same chamber, as in the
batch furnaces using the in-furnace rail. In addition, the
furnaces of this type require a space for always rotating
the series of hearth rollers 14 forward and backward
when the work W resides therein, so as to prevent the
series of hearth rollers 14 from deformation due to ele-
vated temperatures in the heat treating chamber. Fur-
thermore, they show large thermal radiation, since the
both ends of the series of hearth rollers 14 penetrate the
furnace wall.

[0006] Accordingly, an object of the present invention
is to solve the conventional problems in the batch fur-
naces using the in-furnace rail or the hearth rollers hav-
ing the configurations and to provide a method for heat
treatment which has enhanced production efficiency
and thermal efficiency and high cost effectiveness.
[0007] Another object of the present invention is to
provide a heat treating furnace which is compact in size,
is economical and is suitable for the method for heat
treatment.
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Disclosure of Invention

[0008] The present invention provides a method for
heat treatment of a work in a heat treating furnace, the
heat treating furnace containing a linear furnace body
including, in its inside, a preheating chamber, a heat
treating chamber and a soaking chamber, the chambers
being partitioned by partitioning doors and having series
of independently-driven hearth rollers, respectively, the
method including the step of stopping the series of
hearth rollers in the heat treating chamber during heat
treatment of the work.

[0009] The method for heat treatment enables accu-
rate control of the atmosphere and temperature in vari-
ous heat treatments, since the inside of the furnace body
is partitioned into the preheating chamber, the heat
treating chamber and the soaking chamber by the par-
titioning doors.

[0010] In the conventional furnaces using hearth roll-
ers, the series of hearth rollers is rotated forward and
backward in the heat treating chamber, so as to prevent
the series of hearth rollers from deformation caused by
heating at high temperatures. In contrast, according to
the present invention, the series of hearth rollers is not
rotated backward, namely, is only rotated forward or
inched in the heat treating chamber.

[0011] This saves a space for the reciprocating mo-
tion of the work, reduces the sizes of the heat treating
chamber and the entire furnace body and increases ag-
itation effectiveness of an atmosphere gas by an agitat-
ing fan. More specifically, it has been confirmed that the
atmosphere gas has a more uniform distribution in its
flow rate, and that the soaking in the heat treating cham-
ber becomes increased. The heat variation in the con-
ventional furnaces where the series of hearth rollers is
rotated forward and backward is £7.5°C, but that in the
down-sized furnace according to the present invention
is within £6.0°C, indicating that the furnace according
to the present invention enables improvements in qual-
ity of the resulting work as compared with the conven-
tional furnaces.

[0012] The down-sizing of the heat treating chamber
yields significant advantages, since the heat treating
chamber stands at elevated temperatures during oper-
ation. Specifically, the down-sizing saves heaters and
burners for heating, reduces their energy consumption
and cost typically in electric power or gas and signifi-
cantly reduces cost of, for example, heat insulating ma-
terials.

[0013] The present invention further provides, in an-
other aspect, a method for heat treatment of a work in
a heat treating furnace, the heat treating furnace con-
taining a linear furnace body including, in its inside, a
preheating chamber, a heat treating chamber and a
soaking chamber, the chambers being partitioned by
partitioning doors and having series of independently-
driven hearth rollers, respectively, the method including
the steps of rotating the series of hearth rollers in the
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preheating chamber and the soaking chamber forward
and backward to thereby vibrate the work during pre-
heating and soaking of the work; and stopping the series
of hearth rollers in the heat treating chamber during heat
treatment of the work.

[0014] The heat treating method just mentioned
above enables supply of a uniformly preheated work to
the heat treating chamber and enables accurate soak-
ing of the work after heat treatment in a heat treating
method in which the series of hearth rollers in the heat
treating chamber is stopped during heat treatment of the
work.

[0015] In yet another aspect, the present invention
provides a heat treating furnace, a linear furnace body
of which includes, in its inside, a preheating chamber, a
heat treating chamber and a soaking chamber, the
chambers being partitioned by partitioning doors and
having series of independently-driven hearth rollers, re-
spectively. In the furnace, the series of hearth rollers in
the preheating chamber and the soaking chamber are
so configured as to be rotated forward and backward,
and the series of hearth rollers in the heat treating cham-
ber is so configured as to be rotated forward alone. Ac-
cordingly, only forward rotation or inching of the series
of hearth rollers is carried out in the heat treating cham-
ber.

[0016] The heat treating method according to the
present invention can easily carry out heat treatment by
using the heat treating furnace. In addition, the heat
treating furnace can reduce the sizes of the heat treating
chamber and the entire furnace body, since there is no
need of a space for reciprocating motion of the work in
the heat treating chamber. The down-sizing of the heat
treating chamber can significantly reduce cost.

[0017] Inthe heattreating furnace according to anoth-
er embodiment of the present invention, the series of
hearth rollers in the heat treating chamber is made from
a material containing a refractory steel, the refractory
steel further containing trace amounts of tungsten, co-
balt and titanium so as to have improved creep proper-
ties.

[0018] The heat treating furnace does not require, in
contrast to conventional equivalents, the forward and
backward rotation of the series of hearth rollers in the
heat treating chamber to prevent deformation thereof
and can carry out heat treatment of the work while stop-
ping the hearth roller. The furnace therefore does not
require a space for the reciprocating motion of the work
and can have a reduced size. In addition, the furnace
can reduce heat radiation from the both ends of the se-
ries of hearth rollers penetrating the furnace wall, since
the series of hearth rollers can have a reduced diameter.
[0019] In yet another embodiment of the heat treating
furnace of the present invention, the wall of the furnace
body includes a brick layer, a silica layer and a layer
compression-molded article derived from titanium oxide
and an inorganic fiber. This heat treating furnace can
have reduced thermal diffusion and increased insulation
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effectiveness of the furnace wall and can yield econom-
ical advantages due to reduced heating energy. In ad-
dition, the furnace can have a reduced thickness in its
wall and a reduced length of the series of hearth rollers
so as to further effectively prevent the deformation of
the hearth roller.

Brief Description of the Drawings
[0020]

Fig. 1 is a schematic side view of a heat treating
furnace according to the present invention with an
example of carburization process.

Fig. 2 is a schematic side view of the heat treating
furnace according to the present invention with an
example of soft nitriding process.

Fig. 3 is a schematic side view of the heat treating
furnace according to the present invention with an
example of thermal refining process.

Fig. 4 is a sectional view of furnace wall of the heat
treating furnace according to the present invention
with an adiabatic temperature curve.

Fig. 5 is a schematic side view of a conventional
batch furnace using a rail.

Fig. 6 is a schematic side view of a conventional
batch furnace using a hearth roller.

Best Mode for Carrying Out the Invention

[0021] A heat treating furnace 1 according to one of
preferred embodiments of the present invention com-
prises a linear furnace body which includes, in its inside,
a preheating chamber 3, a heat treating chamber 4 and
a soaking chamber 5, which are partitioned by partition-
ing doors 1 and 2 as shown in Figs. 1 to 3. The figures
also illustrate a charging platform 10, a heat treating
chamber 11, an oil tank 12 and an exit conveyer 13. In
the illustrated example, the ratio in size of the preheating
chamber 3 to the heat treating chamber 4 and that of
the soaking chamber 5 to the heat treating chamber 4
are preferably set at 1:3. This can yield a production
about three times as much as that of conventional heat
treating furnaces, although the total length of the fur-
nace is set being substantially equal to that of the con-
ventional equivalents.

[0022] The preheating chamber 3, the heat treating
chamber 4 and the soaking chamber 5 have series of
independently-driven hearth rollers 6, 7 and 8, respec-
tively. In addition, the series of hearth rollers 6 and 8 in
the preheating chamber 3 and the soaking chamber 5
are so configured as to be rotated forward and back-
ward, and the series of hearth rollers 7 in the heat treat-
ing chamber 4 is so configured as only to be rotated for-
ward and inched.

[0023] The series of hearth rollers 7 in the heat treat-
ing chamber 4 of the heat treating furnace 1 comprises
a material containing a refractory steel. The refractory
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steel further contains trace amounts of tungsten, cobalt
and titanium and thereby has improved creep proper-
ties. This eliminates the necessity of repeating the for-
ward and backward rotation of the series of hearth roll-
ers 7 in the heat treating chamber 4 so as to prevent its
deformation, in contrast to the conventional equivalents.
The furnace therefore saves a space for the reciprocat-
ing motion of the work W in the heat treating chamber
4, and the heat treating chamber and the entire heat
treating furnace can be down-sized. In addition, the fur-
nace can reduce heat radiation from the both ends of
the series of hearth rollers penetrating the furnace wall,
since the series of hearth rollers can have a reduced
diameter, such as 90 mm, as compared with a conven-
tional one, such as 104 mm.

[0024] The series of hearth rollers 6 and 8 in the pre-
heating chamber 3 and the soaking chamber 5 can com-
prise the same material as that of the series of hearth
rollers 7 in the heat treating chamber 4.

[0025] The deformation, typically bent, of the series
of hearth rollers is significantly affected by the strength
of the hearth roller, as well as by the difference between
the temperature of work W and the temperature inside
the furnace (in-furnace temperature). The difference be-
tween the temperature of work W and the in-furnace
temperature is large in the preheating chamber 3. Ac-
cordingly, the deformation of the series of hearth rollers
7 can be minimized by allowing the series of hearth roll-
ers 6 in preheating chamber 3 to rotate forward and
backward to thereby reduce the difference in tempera-
ture and then feeding the work W to the heat treating
chamber 4.

[0026] The deformation of conventional hearth rollers
and that of the series of hearth rollers according to this
embodiment were compared in a heat treating chamber
of a carburization furnace. As a result, the conventional
hearth rollers had a bent of 2 mm or less at the time of
setting but a bent of 5 mm or more after use for three
months and must be replaced. In contrast, the hearth
rollers according to this embodiment had a bent of 0.3
mm at the time of setting and a bent of 1 mm or less
even after use for eight months, and there was no need
of replacing.

[0027] The bents were each determined by measur-
ing the distances between the center point and points
75 mm inside the flanges at the both ends of a sample
hearth roller using a dial gauge. The bent of the conven-
tional hearth roller was measured before and after re-
petitive forward and backward rotation, and that of the
hearth roller according to this embodiment was meas-
ured before and after inching (stopping and forward ro-
tation) alone.

[0028] Fig. 4 is a sectional view of furnace wall of the
heat treating furnace according to the present invention
with an adiabatic temperature curve. More specifically,
the furnace wall comprises a brick layer 15 having a
thickness of 115 mm, a silica layer 16 having a thickness
of 85 mm, and a compressed molded article 17 of tita-
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nium oxide and an inorganic fiber having a thickness of
50 mm, in this order from the inside of furnace. The ad-
iabatic temperature curve shows that the surface tem-
perature of furnace body is 50.2°C (atmospheric tem-
perature: 20°C) while the in-furnace temperature is held
to 950°C, indicating that the furnace can be significantly
reduced in its wall thickness and can save energy.
[0029] The heat treating furnace 1 can be used in var-
ious heat treatments of metals. Fig. 1 shows an example
of carburization. Specifically, a work W is fed onto the
charging platform 10, fed to the preheating chamber 3
via a charging door (not shown), and the series of hearth
rollers 6 in the preheating chamber 3 is rotated forward
and backward to thereby preheat the work W uniformly.
[0030] The partitioning door 1 between the preheating
chamber 3 and the heat treating chamber 4 is then
opened, the series of hearth rollers 6 and 7 are operat-
ed, and the work W is conveyed to the heat treating
chamber 4, followed by carburization at a set tempera-
ture of 940°C in a set atmosphere at a carbon potential
of 1.0% for a set time of 540 minutes. The carburization
in the heat treating chamber 4 of the heat treating fur-
nace shown in Figs. 1 to 3 is carried out while the series
of hearth rollers 7 is not rotated backward but is stopped.
Specifically, the work W is subjected to carburization by
rotating forward or inching the series of hearth rollers 7
in the heat treating chamber 4 to thereby sequentially
move the work W to a set position in the heat treating
chamber 4. In this procedure, the series of hearth rollers
7 is not rotated backward.

[0031] More specifically, the series of hearth rollers 7
in the heat treating chamber 4 is rotated forward or
inched so as to allow three blocks of the work W to reside
in the heat treating chamber 4 for 540 minutes for car-
burization, respectively. The three blocks of the work W
are capable of conveying to and charging in the heat
treating chamber 4. One block of the work W after the
completion of carburization is conveyed to the soaking
chamber 5, and another block of the work \W before car-
burization is fed from the preheating chamber 3 to the
heat treating chamber 4.

[0032] The partitioning door 2 between the heat treat-
ing chamber 4 and the soaking chamber 5 is opened,
and the work W after the completion of carburization in
the heat treating chamber 4 is conveyed to the soaking
chamber 5 by the action of the series of hearth rollers 7
and 8. The work W undergoes temperature fall and
soaking at a set soaking temperature, for example,
850°C, while rotating the series of hearth rollers 8 in the
soaking chamber 5 forward and backward.

[0033] A door (not shown) between the soaking
chamber 5 and the oil tank 12 is then opened, followed
by quenching of the work W. At the time when the
quenching is completed, an exit door (not shown) is
opened and the work W is conveyed to the exit conveyer
13.

[0034] As is described above, charging into the pre-
heating chamber 3, transfer from the preheating cham-
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ber 3 to the heat treating chamber 4, transfer from the
heat treating chamber 4 to the soaking chamber 5,
transfer from the soaking chamber 5 to the oil tank 12,
and export of the work W from the oil tank 12 to the exit
conveyer 13 are continuously carried out efficiently, re-
sulting in an increased production efficiency.

[0035] Fig. 2 shows an example of soft nitriding using
the heat treating furnace 1. Specifically, a work W is fed
onto the charging platform 10, fed to the preheating
chamber 3 via a charging door (not shown), and the se-
ries of hearth rollers 6 in the preheating chamber 3 is
rotated forward and backward to thereby preheat the
work W uniformly. The partitioning door 1 between the
preheating chamber 3 and the heat treating chamber 4
is then opened, the series of hearth rollers 6 and 7 are
operated, and the work W is conveyed to the heat treat-
ing chamber 4, followed by soft nitriding, for example,
at a set temperature of 550°C in a set atmosphere of
RX gas and ammonia gas for a set time of 120 minutes.
[0036] After the completion of the soft nitriding for a
set time in the heat treating chamber 4, the partitioning
door 2 between the heat treating chamber 4 and the
soaking chamber 5 is opened, and the work W is con-
veyed to the soaking chamber 5 by the action of the se-
ries of hearth rollers 7 and 8. Then, a door (not shown)
between the soaking chamber 5 and the oil tank 12 is
opened, and the work W without soaking is subjected to
quenching. At the time when the quenching is complet-
ed, an exit door (not shown) is opened and the work W
is conveyed to the exit conveyer 13.

[0037] Fig. 3 shows an example of thermal refining us-
ing the heat treating furnace 1. Specifically, a work W is
fed onto the charging platform 10, fed to the preheating
chamber 3 via a charging door (not shown), and the se-
ries of hearth rollers 6 in the preheating chamber 3 is
rotated forward and backward to thereby preheat the
work W uniformly. The partitioning door 1 between the
preheating chamber 3 and the heat treating chamber 4
is then opened, the series of hearth rollers 6 and 7 are
operated, and the work W is conveyed to the heat treat-
ing chamber 4, followed by thermal refining, for exam-
ple, at a set temperature of 880°C in a set atmosphere
at a carbon potential of 0.3% to 0.5% for a set time of
30 minutes.

[0038] The following processes are as in the soft ni-
triding, and the work W is subjected to quenching with-
out soaking process.

[0039] The present invention can provide a method
for heat treatment with increased production efficiency
and thermal efficiency, and a heat treating furnace for
carrying out the method having a reduced size and eco-
nomical efficiency.

Claims

1. A method for heat treatment of a work (W) in a heat
treating furnace (1), the heat treating furnace (1)
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comprising a linear furnace body including, in its in-
side, a preheating chamber (3), a heat treating
chamber (4) and a soaking chamber (5), the cham-
bers (3, 4 and 5) being partitioned by partitioning
doors (1 and 2) and having series of independently-
driven hearth rollers (6, 7 and 8), respectively, the
method comprising the step of stopping the series
of hearth rollers (7) in the heat treating chamber (4)
during heat treatment of the work (W).

A method for heat treatment of a work (W) in a heat
treating furnace (1), the heat treating furnace (1)
comprising a linear furnace body including, in its in-
side, a preheating chamber (3), a heat treating
chamber (4) and a soaking chamber (5), the cham-
bers (3, 4 and 5) being partitioned by partitioning
doors (1 and 2) and having series of independently-
driven hearth rollers (6, 7 and 8), respectively, the
method comprising the steps of rotating the series
of hearth rollers (6 and 8) in the preheating chamber
(3) and the soaking chamber (5) forward and back-
ward to thereby vibrate the work (W) during pre-
heating and soaking of the work (W); and stopping
the series of hearth rollers (7) in the heat treating
chamber (4) during heat treatment of the work (W).

A heat treating furnace comprising a linear furnace
body including, in its inside, a preheating chamber
(3), a heat treating chamber (4) and a soaking
chamber (5), the chambers (3, 4 and 5) being par-
titioned by partitioning doors (1 and 2) and having
series of independently-driven hearth rollers (6, 7
and 8), respectively, wherein the series of hearth
rollers (6 and 8) in the preheating chamber (3) and
the soaking chamber (5) are so configured as to be
rotated forward and backward, and wherein the se-
ries of hearth rollers (7) in the heat treating chamber
(4) is so configured as to be rotated forward alone.

The heat treating furnace according to claim 3,
wherein the series of hearth rollers (7) in the heat
treating chamber (4) comprises a material contain-
ing a refractory steel, the refractory steel further
containing trace amounts of tungsten, cobalt and ti-
tanium so as to have improved creep properties.

The heat treating furnace according to claim 3 or 4,
wherein the wall of the furnace body comprises a
brick layer (15), a silica layer (16), and a layer (17)
comprising a compression molded article derived
from titanium oxide and an inorganic fiber.
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